Background: Black-White disparities in adolescent health are widespread and thought to be explained, in part, by exposure to chronic stress. Cortisol assayed from hair is increasingly recognized as a valid and reliable measure for chronic physiological stress, but the feasibility of collecting hair among large probability samples of diverse adolescents is unknown.
B lack-White (B/W) disparities in adolescent health are pervasive in the United States (Kitsantas, Kornides, Cantiello, & Wu, 2013) , and they often persist across the life course (Harris, Gordon-Larsen, Chantala, & Udry, 2006) . Chronic physiological stress as a consequence of Blacks' increased exposure to environmental stressors (e.g., poverty, adverse life events, discrimination), in comparison to Whites, is hypothesized to be one of the root causes underlying B/W disparities in health (Williams, 2012) . Consequently, studies have increasingly integrated the collection of biomarkers of hypothalamus-pituitary-adrenal (HPA) activity (e.g., cortisol) to investigate the extent to which the neuroendocrine pathway explicates the role of chronic stress in shaping racial disparities in health (National Research Council, 2008) .
Cortisol is a steroid hormone that is released continuously by the HPA axis into the circulatory system to meet environmental demands (McCarthy, 2012) . Under normal conditions, cortisol release follows a circadian rhythm, but levels can increase for a brief period of time when an acute stressor is encountered to ensure adequate glucose is available to the body's cells to respond to the stressor. Once the acute stress response subsides, cortisol levels return to baseline. Conversely, chronic stress occurs when individuals encounter persistent or recurrent external threats to their physical and/or psychological health (Grant et al., 2003) , which can cause irregularities in the normal circadian rhythm of cortisol release (Contrada & Baum, 2011) .
To date, prior research examining B/W disparities in cortisol levels has focused primarily on collecting saliva to capture the diurnal pattern of cortisol release, which peaks after awakening and reaches its nadir before sleep (McCarthy, 2012) . The studies found significant B/W disparities in the regulation of the HPA axis, including blunting of the salivary diurnal cortisol curve and elevated salivary basal cortisol levels (DeSantis, Adam, Hawkley, Kudielka, & Cacioppo, 2015; DeSantis et al., 2007) . Although the measurement of cortisol in saliva is particularly useful to capture daily variations in cortisol levels on the diurnal curve, extensive, repeated measurements (or multiple samples) are needed to capture shifts in the normal diurnal rhythm associated with chronic physiological stress (Golden et al., 2014; Hellhammer et al., 2007; Karlamangla, Friedman, Seeman, Stawksi, & Almeida, 2013) . Consequently, cost and high participant burden with multiple sampling protocols often preclude their use, particularly with larger sample sizes (Halpern, Whitsel, Wagner, & Harris, 2012; Russell, Koren, Rieder, & Van Uum, 2012) .
Hair collected from the posterior vertex region of the scalp has recently been recognized as a useful medium to measure cumulative cortisol levels. Specifically, hair grows approximately 1 cm a month; thus, the cortisol levels in the 1 cm of hair most proximate to the root end approximates the mean cortisol level over the preceding month, whereas 3 cm of hair growth captures mean cortisol for the prior 3 months (Meyer & Novak, 2012; Russell et al., 2012; Sauvé, Koren, Walsh, Tokmakejian, & Van Uum, 2007; . The exact mechanism through which cortisol enters the hair shaft is unknown, but experts primarily hypothesize that cortisol is passively diffused from the peripheral vasculature to the follicular cells of the hair shaft, similar to the process for therapeutic drugs and drugs of abuse (Meyer & Novak, 2012; Pragst & Balikova, 2006; Russell et al., 2012) . Alternatively, cortisol may be diffused into the sebaceous and eccrine glands and secreted along with sebum and sweat onto and perhaps into the hair shaft (Meyer & Novak, 2012; Raul, Cirimele, Ludes, & Kintz, 2004; Russell et al., 2012) ; recent findings indicate mixed support for this hypothesis (Grass et al., 2015; Russell, Koren, Rieder, & Van Uum, 2014) . Last, findings from prior research also suggests that the hair follicle itself may contain a local HPA-like system stimulated by the central HPA system that enables local production and synthesis of cortisol and associated hormones (Arck, Slominski, Theoharides, Peters, & Paus, 2006; Ito et al., 2005; Meyer & Novak, 2012; Russell et al., 2012) .
Methodological studies have been conducted on the use of hair for cortisol measurement in animals (Davenport, Tiefenbacher, Lutz, Novak, & Meyer, 2006; Fairbanks et al., 2011) and in humans Vanaelst et al., 2012; Xie et al., 2011) , and findings consistently suggest that it is a valid and reliable measure of long-term HPA activity and, thus, chronic physiological stress. However, to date, studies collecting hair for cortisol measurement have been primarily conducted with nonprobability samples in clinical or community settings (e.g., hair salons; Kalmakis, Meyer, Chiodo, & Leung, 2015; O'Brien, Tronick, & Moore, 2013; Staufenbiel, Penninx, Spijker, Elzinga, & van Rossum, 2013; Steudte et al., 2013; Wosu et al., 2015) , which can increase selection bias and reduce generalizability of findings. In addition, most research has focused on adults, and there has been limited representation of racial and ethnic minorities, including Black participants-a population found in prior research to be more likely to refuse participation in health research and biomarker collection due to mistrust of researchers over prior research misconduct and fear of discrimination (George, Duran, & Norris, 2014) . Some participants may also be unwilling or unable to have their hair cut for research. For example, both male and female participants may have no hair or very short hair that either precludes their participation or makes cutting more difficult. In addition, others may have hairstyles that require them to be undone prior to cutting (e.g., extensions or braids) or they may take a long time to grow (e.g., dreadlocks or very long hair)-both of which could reduce participation. Because adolescents are more likely to place a greater emphasis on their appearance than any other stage of development and their hairstyle is often associated with their identity (Kerig, Schulz, & Hauser, 2012) , their willingness to have their hair cut could be affected. However, the impact of this on stress research utilizing hair collection, particularly among adolescents, is difficult to ascertain due to prior reliance on convenience sampling.
To address the aforementioned limitations, the purpose of this study was to test the feasibility of collecting hair for cortisol measurement from a probability subsample of 516 racially and socioeconomically diverse urban adolescents aged 11-17 years participating in a larger prospective cohort study on adolescent health and well-being. Specifically, to what extent does hair length and refusal to have hair cut affect the participation rate in hair collection research utilizing a probability sample of adolescents? Differences between participants (those who provided hair samples) and nonparticipants with respect to sociodemographic factors and adverse exposures were also examined, as prior research has found both to be associated with research participation (Bender, Kawachi, Jørgensen, & Pisinger, 2015; Storr, Or, Eaton, & Ialongo, 2014) and cortisol levels in hair (Kalmakis et al., 2015; Karlén et al., 2015; Staufenbiel et al., 2013; Wosu et al., 2015) . The findings of this study will provide insight into the feasibility of employing this novel data collection technique in larger epidemiological studies with probability samples of diverse adolescents that can then advance our understanding of the contribution of chronic physiological stress to racial disparities in adolescent health.
METHODS

Design
The study leverages data from two ongoing studies:
The Adolescent Health and Development in Context (AHDC)
study-A prospective cohort study that examines the impact of activity space exposures on the behavioral and health outcomes of a probability sample of youth aged 11-17 years in Franklin County, Ohio.
The Linking Biological and Social Pathways to Adolescent
Health and Wellbeing study (Bio-Social Linkages)-A probability subsample of 516 youth who participated in the first wave of the AHDC study in which chronic stress biomarkers, including hair for cortisol measurement, were collected for linkage to the AHDC study.
Sample and Data Collection
The study takes place in Franklin County, Ohio-a large, metropolitan area with an estimated 2012 population of 1.2 million (U.S. Census Bureau, 2015) . Franklin County contains the city of Columbus, which is representative of the average U.S. metropolitan area in terms of social and economic characteristics.
The study area incorporates Columbus and the suburban municipalities that border or are contained within the boundaries of Columbus for comparisons between youth residing in low-income, urban neighborhoods and those residing in the highest-income, suburban locations. The subsample characteristics are relatively comparable to those of the study area with respect to median household income and racial and ethnic composition.
The sampling frame was based on a combination of a vendor-provided list of eligible households and public school data from the study area. The addresses were sorted by zip code, and random replicates of 500 participants were drawn. Households within selected replicates were mailed a letter or postcard describing the study, followed by interviewer calls to the household to solicit participation in the study. Among contacted, eligible households, one randomly selected youth aged 11-17 years and one primary caregiver (both English speaking) were recruited to participate in the study. The interviewer discussed the biomarker collection with the primary caregiver on the phone. Primary caregivers were asked about their child's use of corticosteroids in the prior month; youth who had taken corticosteroids in the past month were ineligible for the biomarker collection due to the impact of the medication on cortisol levels (n = 10; Granger, Hibel, Fortunato, & Kapelewski, 2009 ).
The AHDC study collects two waves of data, approximately 1 year apart. Within each wave, data are collected over a weeklong period via in-home interviewing of the focal youth and his or her primary caregiver on Days 1 and 7 along with a 7-day, smartphone-based global positioning system tracking and ecological momentary assessment data collection period of the youth. During the first home visit, the interviewer discussed the hair collection again in the household with the primary caregiver and the youth. Youth or caregivers who refused participation and youth with insufficient hair length to cut (<1 cm) were categorized as nonparticipants in the hair collection, but they remained participants in the parent AHDC study (as did youth on corticosteroids). Parental permission and youth assent were obtained prior to hair collection on the second home visit. To collect the hair, trained interviewers cut approximately 10-50 mg of hair (0.4-1 cm in diameter) from the posterior vertex region of the youth's scalp using a new pair of thinning shears, which minimize the visibility that the hair was cut (Hoffman, Karban, Benitez, Goodteacher, & Laudenslager, 2014) . The posterior vertex region of the scalp is the preferred area for sampling as cortisol levels vary less in hair collected from this region in comparison to others (Sauvé et al., 2007) . Adolescents were compensated $20 for their participation in the hair collection.
Measures
Participation in hair collection was coded as a dichotomous measure to compare youth who participated in the hair collection and provided a hair sample (1 = yes; 0 = no) to those who did not participate due to refusal or insufficient hair for cutting (<1 cm). The small sample size of youth who did not participate in the hair collection due to insufficient hair (n = 18) or who refused (n = 25) precluded a more refined multinomial measure except for exploratory analyses.
Sociodemographic factors included race and ethnicity (non-Hispanic White, non-Hispanic Black, "other"), biological sex (1 = male; 0 = female), age (continuous measure), and caregiver education (high school or less, bachelor's degree, master's degree, doctoral or professional degree). The Bio-Social Linkages study did collect hair on adolescent participants who self-identified as Hispanic/Latino (n = 27; 5.2%), non-Hispanic Asian (n = 8; 1.6%), non-Hispanic multiracial (n = 32; 6.2%), and non-Hispanic "other" (n = 8; 1.6%), but they were collapsed into an "other" category as only five of the participants (two Hispanic/Latino and three multiracial participants) across these racial and ethnic categories did not participate in the hair collection. Thus, the cell sizes were too small for reliable estimation.
Adverse childhood experiences was a count of the youth's total lifetime exposures to the following events as reported by the primary caregiver: mother died, father died, sibling died, parent incarcerated, sibling incarcerated, parents divorced, child witnessed household or neighborhood violence, child a victim of household or neighborhood violence, child was homeless/lived in a homeless shelter or hotel, or child moved into foster care. The items included in the checklist were adapted from prior research on adverse childhood experiences (Felitti et al., 1998; Finkelhor, Shattuck, Turner, & Hamby, 2015) .
Activity space exposures to socioeconomic adversity was based on youths' activity space, which consisted of all of the locations that individuals come into contact with as a result of their routine activities to better capture the breadth of their social and spatial exposures (Browning & Soller, 2014; Kwan, 2009 ). Activity space measures were calculated using the global positioning system tracking data that were geocoded to census block group and linked with 2009-2013 American Community Survey data. Two activity space measures were calculated: (a) activity space exposure to poverty was a dichotomous measure of youths' mean exposure to activity space family poverty rates greater than or equal to 25% and (b) activity space exposure to vacant housing was a dichotomous measure of youths' mean exposure to activity space residential vacancy rates greater than or equal to 15%. These measures were dichotomized based on the distribution of the sample and represent the top 25% of the distribution. The measures were also analyzed as continuous variables, and the results between measurement approaches were consistent.
Analytic Strategy
Descriptive analyses were conducted, stratified by participation to compare adolescents who participated in the hair collection to those who had insufficient hair or refused to participate. Bivariate and multivariable logistic regression analyses were then conducted to investigate the differences in sociodemographic characteristics and exposure to adverse childhood events and socioeconomically disadvantaged activity spaces between youth who participated in the hair collection to those who did not. A total of 80 youth were missing data on one or more of the following measures: adverse childhood events, activity space poverty, and activity space vacant housing. Multiple imputation of missing data was conducted; results were consistent with a complete case approach to missing data; thus, we present the results for the latter approach.
RESULTS
Of the 516 adolescents aged 11-17 years eligible to participate in the study (no corticosteroid use), 471 (91.3%) provided hair samples for cortisol assay. Of the 45 youth who did not participate in the hair collection, 18 adolescents had insufficient hair, 25 adolescents or caregivers refused, and 2 adolescents did not participate for unknown reasons. The reasons for refusal, if given, were concerns over privacy or the collection of biomaterial (n = 6), did not want to be touched (n = 3), or did not want to have hair cut due to extensions or braids (n = 3 non-Hispanic Black female participants).
Bivariable logistic regression analyses (Table 1) indicated that non-Hispanic Black youth were less likely than non-Hispanic White youth to participate in the hair collection due to insufficient hair/refusal (OR = 0.26; 95% CI [0.13, 0.51]). Although the individual cell sizes were small, we conducted post hoc, multinomial, bivariable regression analyses to explore the racial and ethnic differences between youth who had insufficient hair (n = 18) or refused participation (n = 25) to those youth who participated in the hair collection (n = 471). The findings indicated that non-Hispanic Black youth were more likely to have insufficient hair (OR = 8.83; 95% CI [2.47, 31.53] ) and refuse participation (OR = 2.45; 95% CI [1.03, 5.81]) in comparison to their non-Hispanic White peers (results not depicted in table, but available upon request). Bivariable regressions found no significant differences in participation with respect to "other" race and ethnicity (vs. non-Hispanic White), age, sex, parental level of education, household income, number of adverse childhood events experienced, or activity space measures of socioeconomic adversity. Multivariable logistic regression results were consistent with the bivariable analyses (see Table 2 ). Specifically, non-Hispanic Black youth were less likely to participate in the hair collection due to insufficient hair/refusal in comparison Note. ACE = adverse childhood events; AS = activity space; CI = confidence interval; HS = high school; OR = odds ratio (unadjusted); NH = non-Hispanic. a Row percentages are shown. ***p < .001.
to non-Hispanic White youth (adjusted OR = 0.24; 95% CI [0.09, 0.60]). No significant differences in participation were found with respect to other sociodemographic characteristics, adverse childhood events experienced, or activity space measures of socioeconomic adversity.
DISCUSSION
The findings of our study indicate a high participation rate at 91% for the collection of hair for cortisol measurement in a large probability sample of racially and socioeconomically diverse adolescents. Design features of our study that most likely facilitated participation include the collection of hair samples from participants in their homes by trained interviewers and the need for only a one-time collection, both of which may have reduced respondent burden. In addition, we used thinning shears (Hoffman et al., 2014) versus regular scissors to minimize the visibility that the hair was cut. Although the use of thinning shears required more training and skill for sufficient amounts of hair to be obtained, the interviewers collectively reported that their use enhanced participation, particularly among female participants. Although our study had high participation rates in the hair sample collection overall, non-Hispanic Black adolescents were less likely than their non-Hispanic White peers to participate in the hair collection due to insufficient hair or refusal of participation. No significant differences were found between adolescents who did and did not participate in the hair collection by age, sex, exposure to adverse childhood events, or socioeconomic adversity. Researchers may need to consider oversampling Black participants (and male participants in particular) if a high proportion of their study sample has too short of hair for cutting. Only three of the non-Hispanic Black female adolescents refused to participate due to extensions or braids, and interviewers reported many youth were willing to undo their braids or remove extensions for the hair collection. With respect to refusals of participation, our findings are consistent with prior investigations on minority participation in clinical trials (Chen, Lara, Dang, Paterniti, & Kelly, 2014) and storage of biospecimens for future research (Storr et al., 2014) . Mistrust of researchers and the integrity of the research process have been reported across the literature as reasons for nonparticipation among minority populations (George et al., 2014) . Our study design incorporated many of the recommendations to facilitate minority participation (George et al., 2014) , including safety assurances that caregivers and youth could withdraw from the research at any time without penalty. In addition, we used the same interviewer when possible for recruitment and data collection to enhance familiarity and build trust. Furthermore, we had separate consents for each aspect of the data collection, so participants could choose to opt out of the collection of the hair and/or saliva biomarkers and still participate in the AHDC study. Last, our consent forms reinforced that only cortisol would be assayed from the hair and any remaining specimens would be discarded.
Hair has significant meaning across and within cultures and subcultures.
Despite the increased likelihood of nonparticipation among non-Hispanic Black youth in the hair collection, they still comprised 28% (n = 132) of the final participating sample-a proportion consistent with the population distribution in the study area. Although the proportion of other racial and ethnic groups (e.g., Latino/Hispanic, Asian) in our study was also relatively comparable to the overall study area, the smaller cell sizes precluded reliable estimation of differences between and within these racial and ethnic groups. Thus, researchers should consider oversampling underrepresented racial and ethnic populations within their communities as needed to determine the feasibility of collecting hair in these populations. Researchers should take into consideration in their study design potential cultural, political, and religious or spiritual preferences that may preclude or reduce participation. For example, prior research investigating levels of methylmercury in hair have reported low uptake of hair collection among American Indian and Alaska Native communities (Knobeloch, Anderson, Imm, Peters, & Smith, 2005; Kuntz, Hill, Linkenbach, Lande, & Larsson, 2009 ). Among many American Indian and Alaska Native persons, hair is culturally and spiritually significant with hair cutting generally conducted only under certain circumstances (e.g., mourning periods). Furthermore, the historical trauma of forced hair cutting and continued discrimination over men wearing their hair long (Evans-Campbell, 2008; Treuer, 2012) may decrease participation in hair collection studies. Note. n = 436. Models were estimated using multiple imputation of missing data and with listwise deletion; results were similar; the model estimated using listwise deletion is shown. ACE = adverse childhood events; AOR = adjusted odds ratio; AS = activity space; CI = confidence interval; NH = non-Hispanic. **p < .01.
Although not every American Indian and Alaska Native person will refuse hair cutting, researchers must practice cultural safety throughout the research process (McCleland, 2011; Priscilla, 2002) and recognize that hair has significant meaning across and within cultures and subcultures. Furthermore, as discussed previously, prior research misconduct has contributed to mistrust of researchers and could affect willingness to participate in research overall and, in particular, the collection of biospecimens. Thus, researchers should consider incorporating the recommendations to facilitate minority participation in their study design as outlined above (George et al., 2014) , as well as engaging with communities throughout the research process. This study is among the first to explore the feasibility of collecting hair samples for cortisol in a probability sample of racially and socioeconomically diverse urban adolescents. The findings provide evidence that the collection of hair for the measurement of long-term HPA activity via mean cortisol levels is feasible and can be integrated into large population studies investigating the contribution of chronic stress to adolescent health and racial and socioeconomic health disparities. Research linking complex social and biological pathways to health is needed to elucidate new avenues for intervention and, ultimately, the prevention of racial and socioeconomic disparities in adolescent health.
